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Abstract This study reports our ex-
perience with low-dose prostaglandin
E, (PGE,) treatment of 91 newborns
with ductus dependent congenital
heart disease (CHD). PGE, efficacy,
side-effects as well as the cardiovas-
cular and respiratory profile of the
patients were analysed. PGE, doses
> 0.02 ug/kg per minute were used
for only 5.3% of the total 23656 h of
treatment. The mean systolic blood
pressures did not differ from the nor-
mal mean for patients with cyanotic
CHD, while the diastolic values were
lowered. Respiratory support was re-
quired only during 13.7% of the total
treatment time. Apnoeas occurred in
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Introduction

Prostaglandin E, (PGE,) therapy plays an important role
in the pre-operative management of newborns with ductus
dependent congenital heart disease (CHD). Unfortunately,
however, side-effects (e.g. apnoca or systemic hypoten-
sion) are common, especially when doses as high as 0.1
ug/kg per minute are used [7], which have been recom-
mended for initial treatment [5, 20]. After initial experi-
ence with complications obviously due to high PGE,
dosages requiring intensive care, particularly artificial
ventilation, we subsequently followed a low-dose regime
to avoid side-effects. Although many paediatric cardiolo-
gists are now administering lower PGE; doses, experi-

21 (38%} of the 55 spontaneously
breathing infants, who all had a
cyanotic CHD. The incidence of ap-
noeas was lower during freatment
with doses < 0.01 pg/kg per minute.

saturation

ences with a larger patient population have not recently
been published. We, therefore, report our experience with
low-dose PGE, infusion with regard to efficacy and side-
effects with special emphasis on the analysis of the car-
diovascular and respiratory profile of these patients.

Patients and methods

The charts of 91 newborns (38 males, 33 females) with ductus de-
pendent CHD treated with intravenous PGE, infusions (Minprog
Paed) between January 1986 and April 1992 were reviewed. The
cardiac diagnoses are listed in Table 1. Of the 73 cases with cya-
notic heart disease, 50 were classified as having complete transpo-
sition (group 1) and 23 as having ductus dependent pulmonary
circulation (group 2). Eighteen newborns had ductus dependent
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Table 1 Cardiac diagnoses

n
Group 1
Complete transposition 50
Group 2
CHD with obstructed pulmonary blood flow
Pulmonary atresia/critical pulmonary stenosis 6
Tricuspid atresia 5
Tetralogy of Fallot/pulmonary atresia with ventricular
septal defect 7
Other complex cyanotic heart disease 5
Group 3
CHD with restricted systemic blood flow
Preductal coarctation 15
Interrupted aortic arch 1
Critical aortic stenosis 2

acyanotic heart disease (group 3), the majority having restricted
systemic blood flow due to preductal coarctation (n = 15). The
mean gestational age was 39.3 + 1.7 weeks (range 33-43) and the
mean birth weight was 3213 + 613 g (range 1265-4300 g).

PGE, infusion was always started on the day of admission after
the echocardiographic diagnosis. Patients with complete transposi-
tion and cyanotic heart disease due to ductus dependent pulmonary
circulation were admitted considerably earlier (15 h [range 2-94]
and 41 h [range 24-192] respectively) than patients with restricted
systemic blood flow (117 h [range 24-504]). Balloon atriosep-
tostomy was performed in all but one patient with complete trans-
position with a time delay of 15 h (range 2-94) and in 8 patients of
group 2. Heart rates, systolic and diastolic blood pressure were ob-
tained hourly during the first 24—48 h of PGE, treatment and every
4 h afterwards if the clinical condition was stable. Measurements
were performed more often in patients with haemodynamic insta-
bility. The blood pressure was measured oscillometrically with a
Dinamap device (CRITIKON). Respiratory rates were recorded
hourly and apnoeic episodes requiring and not requiring intubation
and artificial ventilation were noted. Additionally, heart and respi-
ratory rates were taken from ten patients with complete transposi-

-tion, who were not treated with PGE, in the years 19841985, but
only underwent balloon atrial septostomy. The data of this group
were compared with the recent transposition group.

Rectal temperatures were measured every 3 h and considered to
be elevated when above 38.0°C. All infants were cared for in in-
cubators which made temperature regulation possible.

Treatment efficacy for patients with cyanotic heart disease was
determined by the improvement of their capillary oxygen satura-
tion (SO,) and for patients with complete transposition also by the
persistence of systemic left ventricular pressures. The improve-
ment of lower body perfusion, especially femoral artery pulses and
pressures, was used in the patient group with restricted systemic
blood flow.

PGE, doses are given in micrograms per kilogram per minute.
The duration of therapy with each dose as well as the total duration
were recorded.

Normal values for neonatal heart and respiratory rates and
blood pressure were taken from previous studies: the heart rates re-
ported for the 2nd—7th day after birth were smoothed [3]. Respira-
tory rates were related to the infant’s weight taken as a simple pa-
rameter of maturity [15]. Systolic and diastolic blood pressures of
healthy neonates were obtained with the Dinamap system and
given for infants below and above 36 h [13]. Hypotension was de-

fined as a systolic pressure below 2 standard deviations (SD) of the
normal mean present for more than 30 min.

All intercurrent medical events during the PGE, treatment were
recorded without ascribing them directly as drug-related side-ef-
fects. The report concentrates mostly on measurable parameters
and omits observations based on personal judgements (for example
irritability and cutaneous vasodilation).

Antibiotic drugs were not given routinely during PGE, treat-
ment. If they had been previously started, they were continued for
a short period and then stopped.

Statistics

To specify the number of standard deviations any mean value dif-
fered from the mean normal value, the so-called Z value was cal-
culated according to the following formula:

mean value — mean normal value

standard deviation of mean value

The Z value is the number of standard deviations by which the
patient’s value deviates from the mean value of the respective
value of normal persons of the same age. Paired and unpaired Stu-
dent’s #-tests were used, respectively, to analyse differences in the
SO, values before and after PGE, infusion, PGE,; doses for initial
and maintenance treatment and to compare heart and respiratory
rates of patients with complete transposition with and without
PGE, treatment. Significance was always determined at the 5%
level.

Results
Duration of PGE, treatment

The mean duration of PGE, treatment was 253 h, the me-
dian being 137 and the range 8-1809 h. Thirty-seven pa-
tients who were treated longer than 48 h showed no evi-
dence of increasing PGE, side-effects. The patients with
the longest treatment belonged to the group with ductus
dependent pulmonary circulation, eight of them being
treated for more than 4 weeks. The most important reason
for this approach was to allow a gain in body weight in or-
der to reduce the risk of cardiac surgery: for example, a
girl of 1800 g with pulmonary atresia/ventricular septal
defect weighed 3425 g after 11 weeks of PGE, treatment
and subsequently underwent successful right ventricular
outflow tract reconstruction.

Dosage of PGE, treatment

The mean initial PGE, doses were similarly low for the
two groups of cyanotic CHD (0.016 + 0.007 vs 0.017 %
0.006 pg/kg/min for groups 1 and 2), but higher for the
patients with restricted systemic blood flow (0.02 + 0.01
ug/kg/min). These patients, who were started later on
PGE; treatment, were given considerably higher mainte-
nance doses (1: 0.013 £ 0,008, 2: 0.013 + 0.006, 3: 0.02 +
0.01 pg/kg/min; (P < 0.05 for 1 and 2 vs 3). With respect
to dosage, three therapeutic situations were retrospec-
tively determined: firstly (&) the initial dose could be low-
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Table 2 Initial and mainte-

Initial dose £ SD (pg/kg/min)
[range]

Maintenance dose £ SD (ug/kg/min)

[range]

nance prostaglandin B, doses Cardiac diagnosis ()
Complete a (22)
transposition b (23)
¢ (5
* Initial dose > 0.005 pg/kg CHD with a (10)
per minute as compared with ductus dependent b (10)
maintenance dose pulmonary flow 3)
b Initial dose essentially un-
changed CHD with a (4y
¢ Initial dose < 0.005 pg/kg ductus dependent b (10)
per minute as compared with systemic flow ¢ (@)

0.020 + 0.008 [0.010-0.035]}
0.014 = 0.004 [0.003-0.020]
0.011 + 0.004 [0.004-0.016]

0.020 = 0.008 [0.011-0.033]
0.014 £ 0.004 [0.003-0.020]
0.017 + 0.002 [0.015-0.021]

0.033 = 0.004 [0.030-0.040}
0.017 £ 0.010 [0.005-0.037]
0.017 £ 0.001 [0.015-0.018]

0.012 % 0.005 [0.003-0.028]

0.019 £ 0.00 [0.014-0.027]
0.009 + 0.004 [0.003-0.018]

0.024 + 0.001 [0.022-0.025]
0.022 £ 0.007 [0.016-0.034]

0.028 + 0.006 [0.020-0.035]

maintenance dose

ered by more than 0.005 pg/kg per minute with respect to
the maintenance dose. This was done in 36 cases (40%).
On average, the maintenance dose was 0.008 ng/kg per
minute lower than the initial dose. Secondly (b) the initial
dose remained essentially unchanged in 43 patients
(47%); however, these were significantly lower than the
initial doses of (a) and lie closer to the maintenance doses
of the respective groups. Thirdly (c) the initial dose had to
be increased more than 0.005 lg/kg per minute in 12 pa-
tients (13%) to improve the clinical situation. On average,
the initial doses were increased by 0.01 pg/kg per minute.
When comparing the three groups of cardiovascular mal-
formations (Table 2), the relative frequency of the three
therapeutic situations was very similar for the cyanotic
groups. In contrast, among the 18 newborns with re-
stricted systemic blood flow the initial dose could be low-
ered only four times (22%) and their maintenance dose
was even higher than the initial doses of the cyanotic
groups. The temporal percentage of using PGE; doses

0.021-0.03 pg/kg/min
(5.3%)

0.005 pg/kg/min
(7.9%)

:

0.017-0.02 pg/kg/min

"0.006-0.01 pg/kg/min
(34.8%

Fig.1 Temporal percentages of different PGE, doses; total time of
treatment: 23656 h

> 0.02 pg/kg per minute took only 5.3% of the total treat-
ment time of 23656 h. In contrast, doses < 0.01 pg/kg per
minute were given for 10101 h, ie. 42.7% of the time
(Fig. 1).

Efficacy of PGE, treatment

In the transposition group, PGE, infusion dramatically
improved the systemic oxygen saturation from 50% =+
11% to 67% £ 8% (F < 0.05). Subsequent balloon atrial
septostomy (BAS) resulted in a further increase to 72% =%
9% (Fig. 2a). The left to right ventricular pressure ratio at
the time of catheterization was similar at the time of the
arterial switch operation 11.8 + 8.8 days later (Fig. 2b).
However, three patients showed echocardiographic evi-
dence of a left ventricular pressure drop, which could be
reversed in two cases by increasing the PGE,; dosage. In
infants with ductus dependent pulmonary circulation, cap-
illary oxygen saturation improved from 56% + 10% to
69% + 13% after PGE, infusion and subsequent BAS in
eight of them (P < 0.05). All neonates with cardiac mal-
formations leading to ductus dependent systemic circula-
tion showed improvement in lower body perfusion, espe-
cially in femoral artery puises and pressures.

Analysis of cardiovascular profile

Data of systolic and diastolic blood pressures of the three
groups are given in Table 3. The differences in the systolic
and diastolic blood pressures from the normal mean (Z
values) are shown in Fig. 3. During the first 36 h after
birth, newboms with complete transposition had slightly
increased systolic (Z = 0.34 + 0.93 SD) and diastolic (Z =
0.27 £ 0.9 SD) pressures. Afterwards, the systolic values
were completely normal (Z = 0.01 £ 0.84 SD) and the di-
astolic values were lowered (Z = 0.24 + 0.96 SD). Nine-
teen patients (38%) had periods of hypotension (i.e. sys-
tolic pressures > 2 SD below normal for more than 30
min) which were treated mostly by fluid replacement. The
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Fig.2 a Capillary oxygen saturation of patients with complete transposition before and after PGE; infusion and after additional balloon atrial sep-
tostomy (BAS). b Left to right ventricular pressure ratio at the time of catheterization and the arterial switch operation (ASO) 11.8+£8.8 days later

Table 3 Systolic and diastolic

blood pressures of PGE, Group Age Systolic pressure ({mm Pﬁg) Diastolic pressure ({mm Hg)
treated patients with cardio- fange range]
vascular malformations (for
explanation of group numbers <36h 66+ 7[52-82] 44+ 9[32-69]
see Table 1) >36h 68 £ 8 [52-104] 41+ 5[32-57]

2 <36h 58 £ 6[44-63] 35+ 4125-39]

>36h 68 £ 7[52-90] 41 £ 4[32-50}
3 >36h 88 £ 19 [54-90] 56 £ 11 [37-50]
1,5 n=10 n=23

[ complete transposition

syst«36h diast<36h syst»>36h diast>36h

syst<36h diast<36h syst>36h diast>36h

Fig.3 Differences of systolic and diastolic blood pressures from normal mean (Z-values) in patients with complete transposition and

CHD leading to obstructed pulmonary blood flow
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Fig.4 Heart rates of patients
with PGE, treatment (m + 2 s
according to [3])
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systolic blood pressures of newborns with obstructed pul-
monary blood flow were initially (< 36 h) 0.47 £ 0.69 SD
below normal, thereafter the systolic values normalized,
whereas the diastolic values were 0.38 £ 0.69 SD lower.
Eight patients (35%) had periods of hypotension, which
were also always easily managed. The upper limb systolic
and diastolic blood pressures of patients with restricted
systernic blood flow were considerably elevated (£ =
+2.28 + 2.25 and 1.89 £ 1.83 SD, respectively) despite
improved circulation of the lower limbs.

The average heart rates were higher than normal in all
groups of cardiovascular malformations during the Ist
week of life (i.e. the early phase of PGE, treatment), but
normalized afterwards (Fig. 4). When heart rates of pa-
tients of similar age and weight with complete transposi-
tion after BAS were compared with and without
prostaglandin treatment, they were significantly higher in
the PGE, treated group (149 % 11 vs 129 * 5/min).

Analysis of respiratory profile

Infants breathed spontaneously during 20417 (86.3%) of
the 23656 h of PGE, treatment, but needed respiratory
support for 3239 (13.7%) hours. Artificial ventilation had
been started for treatment of hypoxaemia or shock in 47
(52%) newborns prior to knowledge of the underlying
heart disease. Thirty-six cases remained intubated, as
surgery was planned within a short time interval, while 11
cases on PGE, therapy were successfully weaned from the
ventilator. Fourty-four patients never needed respiratory
support ‘before surgery. Thus, spontaneous respiration
could be evaluated in 55 patients. The respiratory rate was
significantly increased in all patient groups (Fig. 5). Com-
pared to newborns with complete transposition not treated
with PGE,;, the recent study group showed a significantly
higher respiratory rate (63 * 13 vs 48 £ 4/min).

Of 55 infants (38%) 21 developed apnoeas, 12 of them
with complete transposition and 9 with ductus dependent

e B e
5 10 15 20 25 30 35
Age (days)

pulmonary blood flow. In contrast, these never occurred
in patients with ductus dependent systemic circulation.
No recurrences of apnoeas occurred after lowering the
dose in 16 cases, whereas 5 needed artificial ventilation.
When comparing the number of spontaneously breathing
patients who had apnoeas during PGE, treatment with
doses < and > 0.01 ug/kg per minute, it was twofold with
higher doses (n = 10 vs 5), while six suffered apnoeas
within both dose ranges. Apnoeas were prevalent nearly
twofold with higher than lower doses. Figure 6 relates the
number of apnoeas at different dose levels to the respec-
tive treatment time. One apnoea occurred within 741 h of
treatment with doses > 0.01 pg/kg per minute, compared
to one per 500 h with lower doses. Within the range of
weights (22504300 g) observed in this study, the inci-
dence of apnoeas was not significantly increased among
children with low weights.

90 7 n=13 n=15 n=11

80

60
50 7

40

Respiratory rate/ min

20 7

10 7

<2500 <3000

<3500 <4000
Birth weight (g)

< 4500

Fig.5 Respiratory rates of 55 spontaneously breathing cardiac pa-
tients during PGE, treatment (m % 2 s according to [14])
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Fig.6 Relation of apnoea
prevalence (numbers in
squares) to the respective treat-
ment time with different PGE;
doses (segments — % of total
treatment time of 20417 h)

0.011~0.016 pg/kg/min
(30.7%)

Other side-effects

During the course of treatment, 36 patients (39.6%) had
temperatures exceeding 38.0°C up to three times. They
could be lowered in most cases by lowering the incubator
temperature.

Friability of the ductus arteriosus was regularly ob-
served by our surgical colleagues. This had surgical im-
plications once during an arterial switch operation, where
bleeding from the ductal site necessitated an additional
lateral thoracotomy. Two newborns developed severe
necrotising enterocolitis which required laparotomy and
colostomy, but both recovered. Occasional screening for
blood in the faeces of asymptomatic patients often yielded
positive results.

Discussion

This study proves effective PGE, treatment of ductus de-
pendent CHD with lower doses than recommended by
the manufacturer, especially for the initial treatment [20].
A dose of 0.1 pg/kg per minute was used in the original
multicentre study and maintained in 59% of the patients
throughout the entire infusion [11]. However, when
analysing the experiences of their study the authors rec-
ommended to start treatment with 0.05 pg/kg per minute
PGE, and reduce the dose to one half once stable im-
provement is achieved. Hallidie-Smith [7] used 0.1 ug/kg
per minute in the first 6 patients, but afterwards reduced
the doses stepwise to 0.01 pg/kg per minute and lower for
the last 16 of the total 52 patients. While no failures with
these lower PGE, doses were observed, the author recog-
nized, however, the potential fallacies of small numbers
and individual tolerance. We do not have sufficient expe-
rience with these low doses for use as initial treatment,
but used them for more than 10,000 h as a maintenance
dose. From our data, an initial dose of 0.015 pg/kg per

0.017-0.020 pg/kg/min
(21.4%)

0.021-0.03 pg/kg/min < 0.005 pg/kg/min
(4.6%)

(8.5%)

0.007-0.01 pg/kg/min
(34.8%)

i

minute is sufficient except in very few cases where higher
doses may be required. This should be considered partic-
ularly in newboms beyond the 1st week of life who are
admitted for cardiovascular malformations with restricted
systemic flow. In these patients, who often develop clini-
cal symptoms more slowly because of ductus constriction,
higher doses for initial and maintenance treatment were
necessary. Time delay between the progressive closure
processes of the duct [6] and the start of PGE, treatment
may explain a partial loss of ductal responsiveness to
prostaglandins and the necessity for higher PGE, dosages.
However, as a rule, we recommend initial doses of 0.015
ug/kg per minute PGE,; and increase the dose only if the
clinical condition improves inadequately. Our highest
dose was 0.04 pg/kg per minute, We do not believe that
higher doses are necessary for reopening a constricted
ductus.

While most reports concentrate on the use of prosta-
glandins for malformations with restricted systemic or
pulmonary blood flow [17, 19, 22], experience with their
use in infants with complete transposition before and es-
pecially after BAS is more limited [1, 5]. These newborns
showed a sharp rise of oxygenation after PGE, treatment
before BAS was performed. Although BAS was done in
38% of our cases shortly after admission, this was no
longer an emergency procedure. However, in cases with a
restrictive interatrial communication backdamming of el-
evated left atrial pressure through the pulmonary venous
circuit can occur and lead to pulmonary oedema and
haemorhage [9]. This should be carefully considered
when PGE, therapy is carried out without BAS, as an ar-
terial switch operation is available within a short time in-
terval.

The duration of PGE, treatment exceeded 1 week in
40% and 48 h in as many as 81% of our patients. Lewis et
al. [11] reported an increased incidence of cardiovascular
and central nervous complications in patients treated with
PGE, for more than 48 h. However, this subgroup con-
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sisted of only 62 (13.5%) of the total 460 cases. We did
not find an increase in side-effects during long-term treat-
ment, probably due to the much lower maintenance doses.
While shori-term treatment is the rule, a longer duration
of treatment may be necessary to overcome other clinical
problems prior to surgery, such as septicaemia or respira-
tory distress due to lung disease. In addition to the advan-
tage of being able to elect the time of surgery, long-term
treatment has considerable benefits for low birth weight
infants. For selected cases, it provides an opportunity for
gaining weight in order to reduce the risk of cardiac
surgery, improve its quality or even allow a more
favourable surgical approach, since corrective instead of
palliative surgery can be performed [14, 19, 22].

Our study provides a more detailed investigation of the
cardiovascular and respiratory profile of PGE, treated pa-
tients than found in earlier reports |5, 7, 8, 16]. The sys-
tolic blood pressures were no different from normal val-
ues, while the diastolic pressures were slightly lowered.
This can be firstly explained as a result of opening of the
duct and secondly of the PGE; mediated vasodilation. Pe-
riods of hypotension were observed in 38% of our cases,
but were never serious and could always be easily treated
by volume replacement. Despite the use of higher PGE,
doses in the multicentre study [11], hypotension was re-
ported for only 4% of the cases and was not mentioned in
two other studies [7, 8]. The different values may not be
comparable, as the criteria for hypotension (systolic pres-
sure below 2 SD of normal mean) may have been differ-
ent from ours, but were not presented.

The rather stable haemodynamic condition of our pa-
tients is emphasized by their normal heart rates. Com-
pared to mean normal values, they were increased only
during the 1st week of life, which however mostly coin-
cides with the early phase of treatment. Schober et al. [16]
showed an acute fall in blood pressures and compensatory
increase of heart rates after PGE,| administration, which is
followed by a new steady state. It may also be speculated
that the physiologically high vagal tone of healthy new-
borns during this time period is not present in critically ill
newborns.

The increased respiratory rate can firstly be related to
the heart disease itself, but PGE, treatment may act as an
additional haemodynamic burden by decreasing the pul-
monary compliance due to volume load. This was shown
by analysing the case reports of 10 infants with complete
transposition, who underwent only BAS, but not PGE,
treatment and had significantly lower respiratory rates.

Apnoeas are one of the most serious complications of
PGE, therapy. Hallidie-Smith found respiratory depres-
sion to be dose dependent, with apnoeas occurring only
with doses > 0.05 ug/kg per minute and hypoventilation
> 0.03 pg/kg per minute [7]. Our patients, however, suf-
fered apnoeas also with lower doses, the frequency being
one per 500 h of treatment with doses < 0.01 pg/kg per
minute and one per 741 h with higher doses. Although

considerably higher PGE, doses were used in the multi-
centre study, the high number of apnoeas was similar [11].
However, our percentage includes only those patients
breathing spontaneously, while in the multicentre study
the number of patients with mechanically assisted ventila-
tion before PGE, administration, thereby masking respira-
tory depression, was not known. In our experience, the
low frequency of apnoeas with low PGE,; doses makes
respiratory support not a prerequisite for treatment, which
is nicely demonstrated by the fact that we needed artificial
respiration only for 13.7% of the total treatment time of
23656 h.

Elevated temperatures are of no concern when high
doses for initial treatment are avoided. Hallidie-Smith [7]
defined fever as temperatures > 37.2°C occurring more
than once per 24 h which they observed in only 11 of
52 cases. Lewis et al. [11] listed elevated temperatures
among the side-effects of the central nervous system,
which also included seizure like activity and jitteriness.

Two of our 91 cases developed a necrotizing entero-
colitis during PGE, treatment. A similar prevalence of this
life-threatening complication was observed by others [7,
17], while a recent study reported a 20% occurrence
among 34 low-dose treated patients with no need for ab-
dominal surgery [18]. The pathogenesis is complex and
multifactorial {12]. A relation to numerous agents and ad-
verse events as perinatal asphyxia, umbilical catheters or
cardiac catheterization has been reported [4, 21]. Leung et
al. [10] identified hypotension and apnoea as the main
causes of necrotizing enterocolitis in prostaglandin treated
newborns with CHD. A recent Doppler study of newborns
with patent ductus arteriosus found diastolic reversal of
blood flow from the descending aorta into the pulmonary
circulation [2]. In PGE, treated patients this disturbance
of bowel perfusion is a specific consequence of drug-re-
lated duct patency and may contribute to the development
of enterocolitis. Periods of severe hypotension would be
an additional burden of perfusion and should be avoided
by using low-dose treatment.

The overall incidence of PGE, side-effects is difficult
to compare between studies, since different definitions
were used. For example, tachycardia >180 bpm was con-
sidered to be a side-effect by one author [8], but not by
others. Therefore, comparisons of studies are in this re-
spect reliable only to a certain point. As the majority of
PGE, side-effects is believed to be dose-dependent, it is
astonishing, that Hallidie-Smith [7] observed 50% more
side-effects than the multicentre study [11] in which much
higher doses were used. On the other hand, we could not
confirm a lack of side-effects with doses below 0.01
pg/kg per minute, which was reported by the same author
[51

In conclusion, PGE, can be successfully administered
in less than the recommended doses. In particular, high
initial doses can be avoided and low maintenance doses
allow long-term treatment without serious complications.
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